Conventional management of sweet pepper is based on farming practices characterized by the use of chemicals with harmful environmental impact. In order to investigate innovative production, research was carried out in order to assess the effects of two pepper cultivars ('Brillant' and 'Yolo Wonder') in combination with four farming systems (Conventional control-C; Conventional with microorganism-enriched fertilization-CMF; Organic control-O; Organic with microorganismenriched fertilization-OMF) on plant physiological parameters, yield and fruit quality. Conventionally grown plants showed higher values of assimilatory pigments and of photosynthetic rate compared to the Organically ones. The CMF resulted in the highest early and total yield, followed by the OMF, due to higher fruit number. Higher values of carotenoids, ascorbic acid and α-tocopherol were recorded in 'Yolo Wonder' red fruits compared to 'Brillant' yellow berries. The highest total polyphenols concentration was recorded under the CMF, whereas OMF resulted in the highest flavonoids concentration and antioxidant activity.
Introduction
Sweet pepper (Capsicum annuum L. ssp. annuum) is a thermophile vegetable species, which worldwide produces over 26 million tons of fruits (FAOSTAT, 2014) . Pepper fruits are an important source of antioxidants, such as ascorbic acid, carotenoids, tocopherols (Sreeramulu and Raghunath, 2010) , phenolic compounds, particularly flavonoids (Chen and Kang, 2013) ; in addition, their flavour and nutritional value are affected by organic acids and sugars (Luning et al., 1994) . Notably, polyphenols and flavonoids have been recently in high regard for evaluating pepper fruit value (Deepa et al., 2007) , as they protect the human organism cells against the oxidation caused by free radicals (Costa et al., 2013) . Indeed, they have shown beneficial bioactivities to human health, such as reducing risk of cancer, heart diseases, diabetes (Pend et al., 2015; Shahidi and Ambigaipalan, 2015; Serpeloni et al., 2015) and, notably, their antioxidant activity depends on their hydroxyl groups number and arrangement (Zhuang et al., 2012; Grajeda-Iglesias et al., 2016) . Yield and fruit quality performances of sweet pepper are reportedly affected by genotype (Thanopoulos et al., 2013; Tundis et al., 2013; Loizzo et al., 2015) and farming system (Lopez et al., 2014) . Notably, organic farming is aimed to meet requirements concerning yield stability and food security, which are the consequence of efficient plant development, in turn resulting in optimal fruit number and weight as well as high berry quality (Conti et al., 2014) . Moreover, as an eco-total fertilizers amount equivalent to 55% of the one associated to the traditional fertilization above described, taking into account the higher nutrient use efficiency achieved by fertigation. CMF was performed as follows: application of 100 kg·ha -1 of Cristaland® c. O-representing an organic farming system based on organic fertilization, amounted to 50% of the overall fertilizers rate associated to the traditional chemical fertilization, taking into account the higher nutrient use efficiency achieved by organic fertilization, practiced through the application of 15 q·ha -1 organic fertilizer (NPK 6-5-13) before planting.
d. OMF -was an organic crop management consisting of a beneficial microorganisms application plus an organic fertilization: the former was performed by supplying 60 kg·ha -1 of Micoseed MB®, two days before planting; the organic fertilization amounted to 50% of the overall fertilizers rate associated to the traditional chemical fertilization, taking into account the higher nutrient use efficiency achieved by organic fertilization, and it was practiced as follows: 15 q·ha -1 organic fertilizer (NPK 6-5-13) before planting; four supplies of Nutryaction® (1% organic N), each at 5 L·ha -1 , equally provided during the vegetative and fruiting stages, aimed at stimulating the microorganisms action.
The microorganism applications were achieved by formulates containing arbuscular mycorrhizal fungi (AMF) spores, based on Glomus spp., complexed with Beauveria sp., Metarhizium sp. and Trichoderma sp. In all treatments, drip irrigation or fertigation was activated when the soil available water capacity decreased to 80%.
Fifty-five days old seedlings were transplanted on 16 April and spaced 35 cm along the rows which were 90 cm apart (3.2 plants·m -2 ). Harvests were practiced from 20 July to 19 October, when the fruits reached the full ripeness stage. Ripe, undamaged and regularly shaped fruits heavier than 80 g were classified as "marketable".
Fruit sample preparation At harvest, a 2 kg sample of fully ripe fruits was taken from each experimental plot and transferred to laboratory for analyses. After removing seeds and stalk from each fruit, the flesh was chopped in 5-10 mm pieces which were water evaporated. Then, a 400 g aliquot from each sample was dehydrated in an oven, at a temperature of 38 °C for 14 days until constant weight; next, the samples were kept at 24 °C in dry atmosphere (Butnariu, 2014) . Ten grams of dried fruits were treated with 100 mL extracting solvent, a mixture of ethanol (45%) and water (65%) and the extraction procedure lasted seven days under darkness and at 25 °C air temperature. compatible system, organic horticulture is more susceptible to unbalances, owing to the less intensive management (Maynard, 1994) and, therefore, fertilization plays a key role (Stoleru et al., 2014) , though its influence on physiological processes is reportedly controversial (Fu et al., 2010) . In the view of non-polluting strategies, research on interactions between fertilization and beneficial microorganisms on vegetable production and quality as well as on biotic and abiotic stress prevention have been carried out by several authors (Del Amor et al., 2008; Stefan et al., 2013) . In this respect, arbuscular mycorrhizal fungi (AMF) play a significant role in plant performance and nutrition, due to their ability to improve plant mineral uptake (Smith and Read, 2008) . AMF are obligate symbionts, as they can only be grown in the presence of host plants (Owen et al., 2015) , and they are widely used in horticulture, particularly Rhizophagus intraradices and Funneliformis mosseae (Krüger et al., 2012) . Notably, positive effects of Glomus spp. on vegetable crops were recorded both in open field and in greenhouse (Nadeem et al., 2014; Rouphael et al., 2015) . The aim of the present research was assessing the effects of organic or conventional system on sweet pepper cultivars, in terms of plant physiology and growth, as well as of yield and fruit quality, the latter mainly focused on antioxidant content and activity.
Materials and Methods

Plant material and growth conditions
Research was carried out on sweet pepper crop (Capsicum annuum L. ssp. annuum) under polytunnels during 2015 and 2016, at the experimental station of University of Agricultural Sciences and Veterinary Medicine (UASVM) in Iasi (47°11'76" N, 27°33'71" E, 150 m a.s.l.). The monthly mean temperature attained the highest value (21.3 °C) in July and the lowest in October (11.6 °C). The soil characteristics were as follows: 62% sand, 6% silt, 32% clay, pH 7.2, EC 478 µS·cm -1 , 28.6 g·kg -1 organic matter, 2.8 g·kg -1 N, 32 mg·kg -1 P, 224 mg·kg -1 K, 4.1 g·kg -1 CaCO3. The experimental protocol was based on the factorial combination between two cultivars ('Brillant', 'Yolo Wonder') and four farming systems (Conventional control, C; Conventional with microorganism-enriched fertilization, CMF; Organic control, O; Organic with microorganism-enriched fertilization, OMF); a split plot design was used with three replicates and the elementary plot had a 10.1 m 2 surface area (3.6 × 2.8 m). The four farming systems are described in details as follows:
a. C representing a conventional crop management based on the traditional chemical fertilization, achieved applying solid chemical fertilizers, whose overall amount was based on pepper nutrient requirements and split in three applications: 300 kg·ha -1 of Cristaland® just before planting; 500 kg·ha -1 of Cristaland® (NP 15-50 + MgO 2) at the beginning of floral bud phase; 720 kg·ha -1 of Cristaland® (NPK 9-18-27+ MgO). b. CMF -consisting of a conventional crop management with the fertilization based on fertigations with microorganism-enriched chemical fertilizers, preceded by a starting fertilizer application; it was aimed at supplying a 459 Dry residue Dry residue was assessed after dehydration of the fresh samples in an oven at 70 °C under a vacuum until they reached constant weight.
Soluble solids content
The soluble solids content or SSC (in °Brix) was measured at 20 °C on the supernatant obtained from raw homogenate centrifugation, using a Bellingham and Stanley digital refractometer, model RFM 81 (Tunbridge Wells, UK).
HPLC analysis
Organic acids and carotenoids were determined by high performance liquid chromatography (HPLC) as previously described (Conti et al., 2014) . Tocopherols were determined by high performance liquid chromatography (HPLC) as described by Osuna-Garcia et al. (1998) .
Total polyphenols
The polyphenols were analyzed by UV-Vis spectrophotometry, using the Folin-Ciocalteu method. The calibration curve was performed using gallic acid as a standard (100-1400 µg·mL -1 ). Antioxidant activity is expressed in mg equivalent gallic acid·100 g -1 sample. The reduction test of Folin-Ciocalteu reagent was done by a method for quantifying phenolic compounds in complex products with antioxidant activity.
Total flavonoids
The flavonoid content was assessed using the spectrophotometric method for the quantitative determination, based on its reaction with aluminum chloride. The calibration curve was made using quercetin 3-rhamnoglucoside as a routine standard (50-500 µg·mL -1 ). The samples were prepared by mixing them (0.5 mL dilution) with 25% alcohol (0.4 mL) and 10% sodium acetate (0.5 mL); then, the samples were stored in darkness at room temperature for 30 minutes. The absorbance was determined at wave length of 430 nm.
Antioxidant assays
The extracts used for the antioxidant activity were obtained following the procedure described by Mínguez-Mosquera and Hornero-Méndez (1993) . Twenty-five mg samples were extracted with 5 mL of acetone (60%) and water (40%) mixture, using an ultrasonic liquid processor Vibra Cell VC365 set at 90 intensity (0-100 scale, 20 kHz) for 8 minutes. Samples were sonicate in an ice-water bath in order to avoid excessive heating and degradation of carotenoids. After sonication, samples were centrifuged at 16,500 rpm for 5 minutes and the supernatant removed. The process was repeated twice performing the extraction with a vortex during 15 s and a subsequent centrifugation. A final extraction with 10 mL of an acetone-water mixture was achieved, being the four extracts combined, filled up to 25 mL and stored until analysis.
The antioxidant capacity was assessed through two methods: ABTS + and DPPH assay (Larrosa et al., 2015) . The ABTS + assay is based on antioxidant capacity determination by using radical cation 2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) known as ABTS + . The DPPH is based on the inhibition of the free radicals by the 1,1-Diphenil-2 pecryl-hydroxyil or DPPH as a monitor of chemical reaction involving radicals.
ABTS
+ assay The pepper fruit antioxidant capacity was assessed in terms of radical scavenging activity, following the procedure described by Re et al. (1999) with slight modifications (Butnariu, 2014) . In this respect, ABTS + was produced upon reaction of 7 mM ABTS stock solution with 2.45 mmol·L -1 potassium persulphate and allowing the mixture to stand in the dark at room temperature for 12 to 16 hours before use. The ABTS + solution (stable for 2 days) was diluted with 5 mmol·L -1 phosphate buffered saline (pH 7.4) to an absorbance of 0.70 ± 0.02 at 730 nm. After adding 100 μL extract or trolox standard to 1 mL of diluted ABTS + solution, absorbance was read after 20 minutes using a Lambda 25 spectrophotometer. Calibration was performed, as previously described. Results were expressed as μmol equivalents of trolox per g of sample.
DPPH assay
The pepper fruit antiradical activity was assessed according to the procedure reported by Grajea-Iglesias et al. (2016) . A 500 μL aliquot of the extract or trolox standard was added to 1 mL of DPPH· methanol solution (74 mg·L -1 ). A daily-prepared solution of DPPH· showed a final absorption at 520 nm of 1.8 AU. The mixture was shaken and allowed to stand for 1 hour at room temperature and, then, the absorption was measured at 520 nm in a Lambda 25 spectrophotometer. The antiradical activity of sample is inversely correlated with its purple colour intensity. Aqueous solutions of trolox at various concentrations were used for calibration (0.15-1.15 mmol·L -1 ). The results were expressed as μmol equivalents of trolox (an analog of vitamin E) per g of sample (TEAC-Trolox Equivalent Antioxidant Capacity).
Statistical analysis
Data were statistically processed by two-way analysis of variance, using SPSS software version 21, and only the results relevant to the main effects of the two experimental factors and to their significant interactions were reported and discussed; mean separations were performed through the Duncan multiple range test, with reference at 0.05 probability level.
Results and Discussion
Plant growth and fruit production From the analysis of variance relevant to plant growth and yield data, significant effects of the year of research, of the cultivar and of the farming system on leaf area index and on yield parameters were recorded (Table 1) . Notably, in 2016 pepper plants showed a higher leaf expansion which led to heavier fruits and, accordingly, to higher early and total yield, compared to the first research year.
No significant differences were detected between the two cultivars examined, both in terms of plant growth and yield; in fact, there was a balance between the higher berry number showed by cultivar 'Brillant' and the heavier fruits of cultivar 'Yolo Wonder'.
As for farming system (Table 1) , CMF resulted in the highest early and total yield, followed by OMF showing a 21.5% and 16.0% decrease in early and total yield respectively; O ranked last with a 42.1% and 35.0% decrease in early and total yield respectively, compared to CMF. Notably, the two most effective treatments did not differ from each other with regard to plant growth and mean fruit weight, but CMF led to higher berries number than OMF. Contrastingly, Lopez et al. (2013) reported lower mean fruit weight of organically grown pepper compared to the conventional management. However, in our research CMF encouraged plant growth, fruiting precocity and yield, both by making the nutrients readily available for the plants through fertigation and by supplying microorganisms which enriched the soil microbial community. Moreover, microorganisms can exert beneficial effects to plants, by improving the absorption of soil nutrients from insoluble or immobilized forms (Ortas et al., 2011) . The latter function is particularly needed when the air temperature values are under the threshold allowing an efficient plant nutrient absorption (Shaked et al., 2004) or over this limit (Khah and Passam, 1992) , thus causing fruit size and crop yield drop. In our research, the improvement of plant nutrient absorption efficiency encouraged by beneficial microorganisms occurred under OMF, based on organic fertilization with microorganisms' application, which showed higher yield performances compared to the same organic fertilization without microorganisms application (O). OMF presumably enhanced the activity and biomass of soil microbial community, which is positively related to organic matter (Graham and Haynes, 2005; Antisari et al., 2013) . Consistently with our results, in previous research (GarciaFraile et al., 2012) beneficial microorganisms application resulted in the increase of pepper fruit number and weight compared to the non-inoculated control.
Antioxidant content and activity
From the analysis of variance relevant to the antioxidants content in pepper fruits (Table 2) , the significant effects of cultivar and farming system arose; the year of research did not affect these variables and therefore the relevant data are not reported. Notably, higher values of carotenoids and ascorbic acid were recorded in 'Yolo 461 Wonder' red fruits compared to 'Brillant' yellow berries, whereas no significant differences were detected with regard to α-tocopherol, polyphenols and flavonoids. In previous research (Simonne et al., 1997 ) ascorbic acid did not significantly differ between pepper red and yellow fruits, but, consistently with our results, higher carotenoids concentration was detected in red berries. Tundis et al. (2013) also reported higher levels of carotenoids in pepper red fruits than in yellow berries and, in addition, no polyphenols difference; moreover, unlike our findings, these authors detected higher flavonoids, in one of the two red fruit cultivars tested, and higher tocopherol accumulation in yellow berry variety.
As for farming system, OMF resulted in the highest values of all the antioxidants, followed by CMF, whereas the Organic control plant fruits showed the lowest contents.
Among the antioxidants examined, only the polyphenols concentration was significantly affected by the interaction between year of research and farming system (Fig. 1) , which resulted in both years in the highest values of this variable under CMF, followed by OMF, and the lowest in both Conventional (C) and Organic (O) control; moreover, CMF led to higher polyphenols amount in 2015 whereas OMF showed a better effect in the second year.
The antioxidant activities assessed with both the ABTS and the DPPH method did not significantly differ between the cultivars examined (on average, 166 and 156 µmol·100 g -1 d.w. upon ABTS and DPPH assay respectively). Unlike our results, Tundis et al. (2013) detected a higher antioxidant activity in pepper yellow fruits than in red ones, using the DPPH method.
The antioxidant activity assessed with the ABTS method was significantly affected by the interaction between year of research and farming system (Fig. 2) . Indeed, OMF best affected this variable in both years, whereas Conventional control (C) showed the worst effect; moreover, CMF resulted in higher fruit antioxidant activity in 2015 than in 2016, while the other treatments did not differ between the two research years.
The antioxidant activity assessed with the DPPH method showed similar trends as with ABTS method, both in 2015 and in 2016 (Fig. 3) ; in addition, this parameter was better affected in 2016 than in 2015 by Conventional control (C), whereas no differences between the two research years were recorded under the other treatments. Unlike our findings, Flores et al. (2009) did not detect any significant differences in antioxidant content as well as in hydrophilic activity of pepper red berries between conventional and organic management.
Consistently with our results, in previous research carried out on tomato (Ochoa-Velasco et al., 2016) a beneficial effect of Bacillus licheniformis application was recorded on fruit ascorbic acid, flavonoids and polyphenols content as well as on antioxidant activity, but the microorganism action was enhanced by the increased nitrogen availability. The latter phenomenon was also confirmed in our research, in which both CMF and OMF resulted in higher fruit polyphenols concentration than Conventional and Organic controls which lacked with beneficial microorganisms providing the plants with more readily absorbable nitrogen. Conversely, according to other authors reports (Le Bot et al., 2009 ) nitrate concentration rise in nutrient solution causes a detrimental effect on plant phenolics synthesis, as the secondary metabolites elaboration is associated to defense mechanism. 
Conclusions
From the research carried out with the aim to assess the effects of cultivar and farming system on yield and fruit quality of tunnels grown sweet pepper, the following remarks can be drawn. Although no varietal yield differences arose, the red berry cultivar ('Yolo Wonder') showed a higher fruit concentration of carotenoids and vitamin C than the yellow fruit one ('Brillant'). Moreover, the CMF system resulted in the highest early and total fruit production, due to the higher nutrient use efficiency compared to both the C and O management based on traditional fertilization pattern. Interestingly, the beneficial microorganism application within the O system led to better yield performances than the C system, in spite of halved nutrient inputs, and to the best fruit quality, in terms of antioxidant concentration and activity. Taking into account the increasing consumer demand for healthy produce and the current policies targeted to environmentally sustainable crop systems, the O system including the beneficial microorganism support represents a coherent alternative to C farming practices based on chemical inputs.
